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wtterein at least one of Rt and Rs Is either 

a) a branched hydroxyalkyi group of the formula 



<CH2)n -C- CHj, 
OK 

In which R* stands for an aflcyl group wUh 1 to 3 carbon atoms and n stands for a whole number from 2 to 5, 
the other R' or R» group that may optionally be present stands for a hydrogen atom or an aliphatic 
hydrocarbon group with up to 6 carbon atoms, whose carbon chain may be Interrupted by up to 2 oxygen 
atoms or may be substituted with a hydroxy or oxo group, or 
b) an oxoaOyI group of the forrrujta 



O 

R** - C - (CH )p 



wherein R" is Ci -Cs and p is 2, 3 or 4, the remaining R^ or R' being as defined above, and R' is an alkyi 
group Ci-C*:The suppression of lymphocyte activation is indicated in humans afflicted with autoimmune 
disease. 
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SI ppress 1 



vet dbrates i 



f efimi ates 
ov >lved t 



specific lymphocytes. 



This invention relates to th 
of tho trtvantion the xanthines 

8 this Invention relates to the us( 
humans. 

The immune system of 
such as bacteria and viruses, 
recognizes and selectively 

TO The Immune system has 
of antigens. In order for an 
recognized by antigen 
responses, T lymphocytes, tog^hei 
the cellular immune system 

15 because celtutar activation allocs 
relatively quiescent cells underg t 

The immune response that 
cause disease. Diseases tnvolvii g 
diseases result when a compo lent 

so clinically by low resistance to 
diseases result when the syster 
self components may lead to 
autoimmune disease Is one In 
antigens, which then causes 

2S autoimmune disease. Autoimmunity 
economic loss. 

There exists a need in th( 
Immune system in mammals, 
diseases, including autoimmun 

30 preventing autoimmune di 
such diseases must be found, 
with Immune response disorders 



aitigen ( 



protects them from 
from parasites, and from cancer 
foreign invaders by a procei s 
to provide an organism that 
response to occur following 

but this recognittoh 
ir with B lymphocytes, repress it 
activation of resting T lymphoc; tos 
the cells to exert their regutat]>ry 
complex changes involving cell 
results in the neutraSzation and 
the immune system can be gn uped 
of the system fails to hmcton. 
nfection and loss of immunologc 
reacts under Inappropriate 
breakdown In immunological 
vhlch the body makes an 
iathok>gic damage. A multlpllci^ 
is a m^r problem in 



jisaase s 



art for means for controlling the 
rhere also exists a need for th( i 
diseases in humans. Because 
are not entirely satisfactory, 
ce autoimmune diseases is a 



SUMMARY OF THE INVENTIOf 



This invention aids in fulfipng these needs in the ait by 

More particularly, this invention brovkies a method of suppresstnb 
by administering to the human j^t least one 7-(oxoalkyO l.3-dlalk{l 
40 formula: 



in which 

Ri and R2 are the same 
straight-chain or tvanched^lfaln 
branched chain alkoxyalkyl, 
A Is a hydrocarbon radical wifti 

The xanthine of formula 0) Is err F>loyed 
This Invention also provide! 
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supi; ressants 



of xanthines as immune 

the activation of lymphocirtes 
of xanthines to inhibit the effect B 



diss ise<ausing i 



I Immutie 



cllncal 



(pathogenic) microorganisms, 
cells. The immune system specifically 
known as the immune response, 
can respond specifically to a wide variety 
challenge, antigen must not only be 
event must lead to a variety of celtuiar 
the two antigen specific components of 
is critical to most immune responses, 
or effector activities. During activation 
differentiation and proliferation, 
elimination of foreign invaders may also 
into two general classes. Deficiency 
These diseases manifest themselves 
surveillance functions. Hypersensitivity 
For example, immune responses to 
causing autoimmune diseases. An 
response to one of its own constituent 
of organs and tissues Is Involved in 
medk:ine and is the cause of great 



condtions. 
tol trance < 



p immune response by suppressing the 
clinical management of hypersensitivity 
the existing treatments and means for 
rew approaches In preventing or treating 
cause of suffering in patients afflicted 



major 




(Afferent and are Independenttj^ 

aOcyl radicals with 2 to 6 
1 hydroxyalkyi radk:ais; and 
up to 4 carbon atoms which cai 1 

in an amount that is effect ve 
a method of suppressing tymph >cyte 



in mammals, tn one embodiment 
in mammals. In another embodiment, 
associated witti autoimmune disease in 



providing a method of suppressing the 
m^hocytes, in mammals, such as humans, 
acivation of lymphocytes in a mammal 
xanthine, other than denbufylQne, of the 



(I) 



selected from the group consisting of 
c^bon atoms, cydohexyl, straight chain or 

be substituted by a methyl group, 
in suppressirig lymphocyte activation, 
activation in a mammal, comprising 
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administer^ to the mamma) a compound of the fomiula: 




(II) 



-(CH2)n-C-CH3, 



with a tertiary alcohol function, in which R* stands for an alkyi group with 1 to 3 cartxm atoms and n 
stands for a whole number from 2 to 5, the other R' or R' group that may optionally be present stands 
for a hydrogen atom or an aliphatic hydrocarbon group RP with up to 6 carbon atoms, whose carbon 
30 chain may be imerrupted by up to 2 oxygen atoms or may be substituted with a hydroxy or oxo group, 
or 

(b) at (east one of R^ or R3 is an oxoallyl group of the formula 



35 O 

R« -C-(CH2)p-r 

40 wherein is Ct-Gs alkyl. and p ° 2. 3 or 4; the other R* or R^ being defined as above and R^ 
represents an allcyl group with 1 to 4 carbon atoms. 

The xanthine of formula (II) is employed in an amount that Is effective in suppressing lymphocyte activation. 

The wet) known pharmaceutical pentoxifylline is an example of a compound within the general formula (II). 

Pentoxifylline ("PTX") is commerciaify available under the trademark Trental® in the form of tablets tor oral 
^ admtrtistration. Although this compound has been used for time as a pftarmaceuttcal to improve the flow 

properties of blood (ctlnica) trials in 1971). it has not been reported effective as on inhibitor of lymphocyte 

acth/ation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

This invention will be more fully understood by reference to the Rgures in which: 
Rgure 1 shows the effect of PTX and 7-ethoxymelhyI-1-{5-hydroxy-5^nethyrhexyh3-methylxanthine on 
the expression of T cell activation antigens analyzed by direct tmmunoftuorescence after 6 days of 
culture tn a bklirectional MLR. 
65 Figure 2 shows the effect of adding recombinant human tumor necrosis factor (rhTNF), 200 U/mi, to 
either PHA-stimulated mononuclear cells (2 Independent experiments) or a bidirectional MLR 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 
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Certain xanthines are 
thereby suppress immune 
in this Invention will initially be 
and methods for preparing the 
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emplfi^ according to this invention to 
In mammalian subjects. The 
jescribed. This will be followed 
X inthlnes. The results obtained by 



1 . Xanthirtes As tmrnunosupprei aants 



The xanthines when emploi ed according to the invention 
types ol effector cells (other (hi n effector inflammatory cells). 



70 lymphocytes, namely T lymphc :yt8S and B lymphocytes. More 



suppressing activation of one oi 



cytotoxic cells. T suppressor ci lis. natural killer celts, killer cell: 



i hypersensitivity cells, B lymphocytes, 
te < 



mediated cytotoxk:ity. T delaye 

types. Suppression of T cell c :tivation by the xanthines can 
macrophages, neutrophils, and I lukocyto-derived cytokines, such 

During the process of lym, »hocyte activation, 8 and T lymphocytes 
including cell proliferation, cell 



alterattons. protein phosphorylat ons, increases or decreases in 
newly activated genes, increas »s or decreases in protein 



sis. The xanttiines are capable 
this Irtvention. 

Various parameters can be 
example, lymphocyte activation 
an increase in cytoplasmic Uei 



cytolytic activity. Lymphocyte 
onstrate tfw effects of the xanthi 



and proGferaticn similar to that 
appears to be the activation of 



of blood leukocytes from two I Kfividuals is referred to as 
reaction as 'mi-.jed leukocyte n actfon" or "MLR". Co^ulturing 



designated "mixed (ymphocyta 
reactton, ttra parttelpatlng cells 



expressK ns 



difference between the two type ; of culture. Thus, these 

MLR Is utilized in this tnve itlon as the in vitro analog of 
partteularty. MLC can t>e emph yed in this Invention as an 
xant^!'^er and the amount there )f to emptoy in a particular 



lnhit)ft the responses of T lymphocytes to 
tature of tfte biotogtcal processes Invoh/ed 
>y a detailed description of the xanthines 
in vitro testing will follow. 



TTat I 



more lymphocytes selected fron i 



differentiation, changes in merrbrane 



20 BCtivaled gene products, cell vc ume increases (blast to^ansformal on), 



3f suppressing orte or more of t lese 



suppress activation or functtoning of several 
is, the xanthines suppress activation of 
particularty. the xanthines are capable of 
the group consisting of T helper cells, T 
responsible for antibody dependent cel!- 
;, and subsets of each of these cell 
demonstrated even in the absence of 
is tumor necrosis factor (TNF). 

undergo a number of changes, 
lipid, ion fluxes, cyclic nucleotide 
synthesis ol particular constitutive and 
syntfiesis of particuiar constitutive and newly 
antibody production, or DNA synthe- 
events when employed according to 



RMAi 



1 models to 



demonstrate lymphocyte activation. For 
early signal transduction events, such as 
antigens, such as interleukln 2 (IL-2] 
receptor and class II (MHC) rfotecutes; production of lymphojtines. such as IL-2; cell proliferation; or 

F roliferatlon has been employed to dem- 



mployed in experimental 
can be determined by observir>g 
calcium; expression of cell 



surl nee 



kctivation as Indicated by cell 
tes according to this inventton. 



More partteulariy, co-cultiva ion of leukocytes from unrelated 



otiserved upon addition of mito^ns 
^•cells f.'coi one indlvklual by 



r eel 



mUad 



:u>ture" or "mixed lymphocyte 
are peripheral blood T 



S^LR is preferred for use as 



response in inhibiting human 
invention. 

MLR can be earned out usiAg conventional techniques. Cultujed 
peripheral blood, sp'een. lymph 

The stimulating cells can be lacth^ated by irradiation or 
replication. The culture mediur i can be supplemented, if 
syngeneic, allogeneic, or xenog ^neic origin. Cultivatjon can be 



The degree of stimulation of res xsnder cells by stimulating cells 
^H-tliymidine or radiolabeled i T\\no ackJs or by counting ^' 



) beei 



employed, it can be added to tti i culture several hours before harjresting 

The receptors on cell surfac 3S of lymphocytes have also 
lymphocyte activation accordinf to this invention. More 
appear on the surface of T lyr phocytes during the events 
pH-oliferadon of T cells. These ir :lude lymphoklne receptors, suci 



antfgens. and other cell surface 



particul irly, 



transcriptionally regulated, the Recurrence of these rrwlecutes 
activation. 

By suppressing the activatfm of lymphocytes, this invention 
proliferation of autoantibodies. A jtoantibodies are antibodies produced 



rei tcton" 



individuals leads to blast transformation 
to T-cells. The basis of this reaction 
surface rr.arkers of another. Co-culturing 
leukocyte culture" or "MLC ar^j the 
celts obtained from lymphcid organs is 
Since even in the mixed leukocyte 
lympho^es, there Is generally substantially no 
are used interchangeably herein, 
lymphocyte activation in the human. More 
ritro assay for determlnlr>g the preferred 
clint^ setting. A xanthine that gives a strong 
immunosuppressant according to this 



cells for the MLR can be derived (rom 
ran van/ by s*-."- • ' rrders of magnitude, 
with an antibiotic to disrupt DNA 
by serum proteins of autologous, 
darried out over a period of severe days. 
I ;an be determined from ti)e uptake rate of 
blasts and dividing cells. If a radiotabel is 



treatment 
necc ssary, 



used as measures of the suppression of 
a number of cell surface molecules 
with activation, dfferentiation, and 
as IL-2, nutrient receptors, class II MHC 
molecules. As the appearance most of these cell surface molecules is 
be emptoyed as measures of cellular 



also makes it possible to suppress the 
by an animal (or human) that bind to 
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17. Use of a compound as defined in claim 4, wherein said compound of fomiula tl 
R' is 



OH 

I 

CH, - C - (CHj), - 

t 

CH3 

R2 Is -CH, 
and 

R'is -CH2 -0-CHb - CH3. 
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antigens presant in tts own cells or extracellular proteins. Autoantibodies operate through several pathogenic 
mechanisms, inctudlng receptor stimulation, receptor Inhibition, formation of Immune complexes, opsoniza- 
tion. comp(emen^dependent lysfs. and inhibition of physiological peptides. The use of xanthines according 
to this invention makes it possible to tntemipt one or more of these pathogenic mechanisms. 
5 The method of this invention is also useful for the treatment of human subjects afflicted with 
hyperser^itivity disease, such as autoimmune disease. The autoimmune diseases that can be treated 
according to this Invention include the organ specific autoimmune diseases, such as the fotlowing: 

Endocrine system 

10 

Autoimmune (Hashimoto's) thyroiditis 
Hyperthyroidism (Graves* disease, thyrotoxicosis) 
Type 1 diabetes mellitus (insulin-dependent or luvenile diabetes) 
Insulin-resistant diabetes 
IS Autoimmune adrenal insufficiency (Addison's disease) 
Autoimmune oophoritis 
Autoimmune orchitis 

Hematopoietic system 

20 

Autoimmune hemolytic anemia ('warm" autoantibody type) 
Autoimmune hemolytic anemia (cold agglutinin disease) 
Paroxysmal coW hemoglobinufia 
Autoimmune thrombocytopenia 
25 Autoimmune neutropenia 
Pernicious anemia 
Pure red cell anemia 

Autolmmur>e coagulopattiles (circulating anticoagulants) 

30 Neuromuscular system 

Myastttenia gravis 
Autoimmune polyneuritis 
Multiple sclerosis 
35 Experimental allergic encephalomyelitis 

Stdn 

Pemphigus and other bullous diseases 

40 

Cardiopulmonary system 
Rheumatic carditis 

Goodpasture's syndrome (pulmonary hemorrhage and nephritis) 
45 Postcardiotomy syndrome (Oresster's syrxlrome) 

The autoimmune diseases that can be treated according to this invention also include the systemic 

autoimmune diseases, such as: 

Systemic lupus erythematosus 

Rheumatoid arthritis 
so Sjogren's syndrome (keratitis, parotitis, and arthritis) 

P(^myositis 

Dermalomyositis 

Scleroderma (progresshre systemic sclerosis). 

The pathogenic mechanisms that provoke ttiese two classes (organ specifk: and systemic) of autolm- 
55 mune disease appear to be different. Highly relevant to organ spedflc autoimmunizatlon are tolerance and 
suppression within the T cell poputatkm. aberrant expression of MHC antigens, and variations In MHC 
genes. The pathogenesis of systemic autoimmune diseases may involve polyclonal B ceD acthration. as well 
as abnormalities of T cells, T ceU receptor and MHC genes. 

6 
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14. Use of a compound as defiffad In claim 4, wherein said comppund of fomiula II 
Ri Is 



OH 



R» Is -CHj 



and 



R3 is 



15. Use of a compound as defli 
R^ is 



« Is -CH2 - CHj 



and 



R5 Is -CH2 - 0 - CH2 



16. Use of a compound as 
R< Is 



' Is -CHs 



CH, • C - (CH J, . 
I 



OH 

I 

-CH, . OH - ( 



(CHJ,. 



ed in claim 4. wherein said comp 3und of formula II 



OH 



CH, ■ C - (CHJ, - 



OH, 



CHj. 

deft^ in claim 4, wherein said comd^und of formula II 



OH 
I 

CH3 - C - 
I 

CH 
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ical immunosuppTGSSive agent 



corttcostsrokls, sucti as predni tone and methyl prednisone; 
seaim or globulin: monoclonal i nUbodies reactive with human 
of these therapies. Once again, 
used for immunosuppression. 
This invention also makes r 



II will be understood that tffs Invention can be emptoyed as . a minimal or aggressive immunosuppres- 
particularty, when the xanthines are employed according to this Inventton, 
they ftmctian as Immunosupprc >$ive agents by lowering immum > response of the host The xanthines can 

sfmuttaneously with the use of chemical 
5 immunosuppresshre agents, su<fi as alkylating agents, antlmetat olites. cortteosteroWs, or antibiotics: phys- 
such as tonlzing radiation; trrmune reagents, such as antilymphocytic 
t of antigens or pdyclonaJ or monoclonal 



serum or antilymphocytk: gtot ulins; or by the administratkm 
antibodies for specific suppress )n. 



befcre, 



methot exate, 
i reacti^ e 



More paiticularty, the xani lines can be administered 
immunosuppressive agents, sm h as cyclophosphamide, 
prednisone, antithymocyte glob lin. monoclonal antibodies 
or combinations of these Ihera >ies. These immunosuppressants 
usually used for immunosuppre sion. 

Similarly, the xanthines c tn bo emptoyed according to 



the invention mth the administration of 
cyclosporin A; azathtoprine: antilymphocytic 
lyi nphocyte subpopulations; or combinations 
hese immunosuppressants are ei fiployed according to the regimens usually 



Allograft reaction can be i lanifested as host versus graft 
reaction (GVHR) In human sub Bcts. HVGR can lead to graft fai 
persistent host immunity. I^ost < oils may Impair the engraftment 
and differentiation of donor-derii ed cells. 



The use of xanthines acording to this Invention makes 
ti-ansplant procedures. The xam lines are valuable therapeutic agj&nts 



allograft reaction, such as HVi IR and GVHD. Survival following 
sec/erity of acute GVHD. This ir ^ntion makes it possible to 
is anticipated. 

2. Administration of Xanthines td l^uman Patients 



tf a 



Effective amounts of the 
example, orally as capsules or 
the form of sterile solutions. Th. 
in ttte form of their 
crystallization, increased 

Preferred pharmaceutically 
hydrochtoric acid, sulfuric acid, 
example, acetic acid, propionic 
fumaric acid, oxalic acid, and 
citric acid, and the like. 

The xanthines can be 
They can be enclosed in gelati i 
administration, the compounds 
ceipsules, elbdrs. suspensions, 
contain at least 0.5% of active 
and can conveniently be 
such compositions is such that 
according to the present 
mgs and about 400 mgs of 

Tablets, pills, capsules, 
microcrystaltlne cellulose, gum 
agent, such as alginic acid, 
Sterotes; a gOdant, such as 
flavoring agent such as 



xai thlnes can be administered to a 
abfets. or parenterally. such as 
xanthines, wrfiite effective 
pharmaceftically acceptable addition salts 
sctubill y, and ti)e Bke. 

acceptable additton salts inddto 
nitric acid, and the like; salts of 
acid, and the tike: salts of dibaj ic 
tike: and salts of tribask: carbo tyti 



t inventii n 
f acth 9 



possible to inhibit the effects of |Bjk)graft reaction in human subjects. More 
to modulate the Immune responses to 
OSS. Acute graft rejection Is predominantly 



particularly, xanUiines are emdoyed according to this Inventiop 
altografts wfiere untreated rejec on would otherwise lead to graft 
a cell-mediated Immune respon e. 



reaction (HVGR) or as graft versus host 
or rejection due to host resistance or 
of donor-derived tissue or the proliferation 



it possible to Increase the feasibility of 
for tx)th prophylaxis and treatment of 
engraftment is primarily related to the 
inhibit GVHR. and a related reduction in GVHD 



weghl 



admviistered orally, for example, witfi 
capsules or cooipressed into 
an be incorporated with exdfMen^ 
syrups, wafers, cfiemng gums, 
( smpound. but the amount can be 
4.0% to about 70% of the 
suitable dosage will be obtainec . 
are prepared so that an oral 
compound. 

and the like can contain 
ragacanth or getattn; an exdpient 
Prii lolgel. com starch, and tiie like: 
cot Dklai silicon dkudde; a sweetenirfa 
pepper nint metiiyl salicylate, or orange 



tro< hes. 



I th) 



during, or after ttte administration of 
cyclosporin A. prednisone, methyl- 
with human lymphocyte subpopulations. 
are emptoyed according to the regimens 



tubject by any one of various methods, for 
intravenous or Intramuscular Injection, in 
titems^tves, can be formulated and administered 
for purposes of stability, convenience of 



salts of mineral acids, for example, 
monobask: carboxylic ackls. such as, for 
carboxyiic adds, such as. maleic acid, 
lie acids, such as, carboxysuccinic acid. 



an inert diluent or with an edible earner, 
tablets. For the purpose of oral therapeutic 
ar>d used in ttie form of tablets, troches, 
and tt)e like. These preparations stioukJ 
varied depending upon the particular form 
of the unit. The amount of xanthine in 
Preferred compositions and preparations 
unit form contains between about 1.0 



following Ingredients: a binder, such as 
such as starch or lactose; a disintegrating 
& lubricant such as nnagnesium sterate or 
agent such as sucrose or saccharin; or 
ftavortng. When tite dosage unit form is a 
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OH 
I 

CH, - C - (CHj), . 
I 

CH, 



n» Is -CH, 
and 

R5 is -H. 

12. Use of a compound as defined in claim 4, wherein said compound of fomiuta II 
is 



OH 

I 

CH, - C ■ (CH,), - 
t 

CH, 

R2 is -CH, 
and 

ff> is •CH2 • CHa - CH3. 

13. Use of a compound as defined in cialm 4, wherein said compound of formula tl 
R^ is 

OH 
I 

CH, - C - (CH,), - 

I 

CH, 



R2 is -CHs 
and 
R3is 



OH 
I 

-CHj - CH - CH,. 
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capsule, it can contain. In addition to material of the abovo type, a liquid carrier, such as a fatty oil. 

Other dosage unh forms can contain other nrmteriais that modify the physical form of the dosage unit 
for example, as coatings. Thus, tablets or plOs can be coated with sugar, shellac, or other enteric coating 
agents. A syrup can contain, in addition to the ^tfve cwnpounds, sucrose as a sweetener, and preserva- 

s tlves. dyes, colorings, and flavors. Materials used In preparing these compositions should be pharmaceutl- 
cally pure and non-toxic in ttie amounts used. 

For purposes of parenterat therapeutic administration, the xanthines can be incorporated into a solution 
or suspension. These preparations shouJd contain at least 0.1% of the aforesaid compound, but may be 
varied between 0.5% and about 50% of the weight thereof. The amount of active compound in such 

10 compositions is such that a suitable dosage win be obtained. Preferred compositions and preparations 
according to the present invention are prepared so that a parenteral dosage unit contains between 0.5 mg to 
100 mgs of the active compound. 

Solutions or suspensions of the xanthines can also include the following components: a sterile diluent 
such as water for injection, saline solution, fixed oils, polyethylene glycols, glycerine, propylene gfycof or 

IS other synthetic solvents: antibacterial agents, such as benzyl alcohol or methyl parabens; antioxidants, such 
as ascorbic acid or sodium bisulfite: chelating agents, such as ethylenediaminetetraacetic acid; buffers, 
such as acetates, citrates, or phosphates: and agents for the adjustment of tonicity, such as sodium chkwlde 
or dextrose. The parenteral preparation can be enclosed in ampoules, disposable syringes, or multiple dose 
vials made of glass or plastic. 

30 While dosage values will vary, good results are achieved when the xanthines of formula (I) or formula 
(11) are administered to a subject requiring such treatment as a effective oral, parenteral, or Intravenous 
sublethal dose of about 1 .200 to about 2,400 mg per day. A particularly preferred regimen for use In bone 
man-ow transplant therapy comprises the Intravenous administration of P7X in aqueous saline solution (100 
mg/5 mt) at 1/2 mg/kg^our continuously for 20 days, followed by 2,000 mgAlay oral dosage to day 100 

3S post-transplant It is to be understood, however, that for any particular subject, specific dosage regimens 
should be adjusted to the individual need and the professional Judgment of the person administering or 
supervising the administration of the xanthines. It is to be further understood that the dosages set forth 
herein are exemplary only and that they do not to any extent, limit the scope or practice of the Invention. 

30 3. Description and Preparation of Xanthines of Formula (I) 

One group of xanthirtes that can be employed In mis invention has the following formula: 




(I) 



45 

The substituents Ri and In formula (I) are the same or different and are independently selected from the 
group consisting of straight-chain or branched alkyl radicals with 2 to 6 carbon atoms, cyctohexyl, 
alkoxyalkyl. and hydroxyaDcyl radicals. The substituent A represents a hydrocarixm radical with up to 4 
cartwn atoms, which can be substituted by a methyl group. 

so A numter of compounds of formula 0) can be employed in this invention. For example, the xanthines of 
formula (I) can be substHuted by alkyi groups or by alkoxy or hydroxyalkyl groups. Suitable alkyt groups 
include branched and straight chain groups, such as ethyl, propyl, tsopropyl, butyl, sec-butyl, terl-tjutyl, 
amyl, hexyl. and the like. Alkoxy substituted alkyI groups Include branched and straight chain groups 
containing from 2 to 6 c8rt>on atoms in the combined alkoxy and alkyl groups, Including methoxymethyl, 

55 amyloxymelhyl. methoxyethyl. butoxyethyl, propcncypropyl. and the like. Hydroxyalkyl groups are those 
containing from 1 to 6 cart)on atoms, such as hydroxymethyl, hydroxyethyl, hydroxypropyl, hydroxyhexyl. 
and the like. 

The hydrocarbon groups represented by A in formula (I) are divalent saturated aliphatic hydrocarbon 



B 



R» [s -CHj 
and 

TO R^is -CH2 -CHj -Cltj. 

9. Use of a compound as defiqed in claim 4. wtierein said comF^ound of formula II 
R< Is 



OH 
I 

CH, - C - (CHJ, - 

I 

CH, 



R2 Is -CH3 
and 

R3 is - CHz - CHa • C 



30 10. Use of a compound as 
R< is 



deft ed 



ffts 
and 
RHs 



-CHi 

•CHa - 0 ■ 



(CH)2 



11. Use of a compound as 
R' is 
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O 

0 

CH, . C ■ 



I in claim 4, wtierein said comdound of fcmnula II 



OH 
I 

CH3-G 
I 

OH 



defiled 



-0-CHi. 

J in daim 4. wfterein said comdound of fomrtula II 



(CHJ«- 
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> win 



tth> 



groups, i.e.. methylene, ethyli 
adjacent the cartwnyl group 
and 1 .3*butytend groups. 

tt will be understood that 
vivo into or^ of the aforemjntior^ 
metatwtltes In vivo similar to 

A compound within fofmuii 
activation is denbufylline. This 
has the following formula: 



method of this invention can 
xanthines of formula 
metatiolites formed from the 
(I) that has been found to be 
dNTipound, which is also referred 



The ability of compound (III) 
demonstrated in vitro. 

The compounds of formula 
For example, the compcuruls 
solvent by reacting correspondlhgly 



[I) employed in this invention 
<an be prepared at elevated tenjperature, 
substituted 1 ,3-dIaIkyl xanthines 



H2C " C - 



CH3 - 
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trimethytene and tatramethylen^, 
methyl. Such me(thyl-substitute< \ 



b< 



0. 

afo ^mentioned > 



(CMt>|CHi 



-DBOPX- 



suppressing lymphocyte activation evidenced by MLR has not been 



to 



in which Ri and Rj are as defined above, with a, tf-unsaturajed methyl ketones con-esponding to the 
formula 



CH3 



The substituent R in formula (IV| represents hydrogen or a meth>f group. The reaction can be conducted in 
an ailc^ne medium. 

An attemative method of f 
tives of general formula II. in v 
Uie formula 



' pi^paration involves reacting alkali 
t Ri and R2 are as defined abc 



A - Kal 



. which can be substituted on the carbon 
groups include ethylidlne, 1 ^-propylene. 



practiced with compounds that change In 
as well as compounds that produce 
xanthines of formula (I), 
not effective in suppressing lymphocyte 
3 herein in abbreviated form as "DBOPX", 



(III) 



be synthesized using known techniques, 
optionally in ttie presence of a 
of the formula 



(III) 



(IV) 



metal salts of 1,3-dialkyl xanthine deriva- 
witii oxoalkyi halides corresponding to 



(V) 
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A. 

\ 



.2 



wherein at least one of and is either 

a) 8 branched hydroxyalkyt group of the formula 



I 

(CHJ„-C.CH,. 
I 

OH 



In which stands for an aOcyl group with 1 to 3 cart>on atoms and n stands for a whole number 
from 2 to S. the other R' or R' group that may optionally be present stands for a hydrogen atom or 
an adphatic hydrocarbon group with up to 6 cartwn atoms, whose cartXffi chain may be 
interrupted by up to 2 oxygen atoms or may be substituted with a hydroxy or oxo group, or 
30 b) an oxoallyl group of the formula 



o 

35 

R- ■ C ■ (CH,)p 

40 

wherein is Ci -Cc and p is 2. 3 or 4, the remaining R^ or R^ being as defined above, and R^ is an 
alkyi group Ci-Ct: for the preparation of a medicament for suppresstng lymphocyte activation in a 
mammal. 

45 6. Use of a compound as defirted in claim 4 for the preparation of a medicament for suppresstng 
lymphocyte activation in a mammal, wherein said lymphijcyte is a T lymphocyte or a B lymphocyte. 

6. Use of compound as defined in claim 4 for the preparation of a medicament for suppressing 
lymphocyte activation In a mammal, wherein said mammal is a human. 

50 

7. Use of a compound as defined in ctatm 4. wtierein said compound is pentonfytline. 

& Use of a compound as defined In claim 4. wherein said compourtd of formula II 
R' is 
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In which A Is as deflned above, and Hal represents a halogen atom, preferably chlorine or bromine. 

These reactions are preferably carrfed out at temperatures In the range from 40* to eO'C. optlonaDy 
under elevated or reduced pressure, but usually at atmospherfc pressure. The Individual starting com- 
pounds can be employed either In stolchtometrte quantttles or in excess. The alkali salts In the allematlve 
method of preparation can either be prepared beforehand or in the reaction Itself. 

Suitable solvents for use In the reactions are watsr-mlscibte compounds, preferably lower alcohols, such 
as methanol, propanol, isopropanol. and various butanols; also acetone: pyridine: triethytamlne: polyhydric 
alcohols, such as ethylene glycol and ethylene glycol monomethyl or monethyl ether. 

The compounds of formula (I) are known for their marked effect in increasing blood flow through 
skeletal muscle and by their low toxicity. A more detailed description of the compounds employed in this 
invention and methods of preparing the compounds are contained in U.S. Patent 4^42,345. the entire 
disclosure of which is relied upon arul incorporated by reference herein. 

4. Description and Preparation of Xanthines of Formula (IQ 

Inhibition of allograft reaction, and in particular GVKR. can also be achieved by admintstering to a 
human patient a xanthine of the formula: 




(II) 



wherein at least one of and is either 

(a) a branched hydroxyalkyi group of the fbnmula 



r' 

-(CH2)n-C-CH3, 
OH 

with a tertiary alcohol function, in which R* stands for an alkyi group with 1 to 3 carbon atoms and n 
stands for a whole number from 2 to 5, the other R^ or R' group that may optionally be present stands 
for a hydrogen atom or an aliphatic hydrocarbon group R? with up to 6 carbon atoms, whose carbon 
chain may be interrupted by up to 2 oxygen atoms or may be sut)stituted with a hydroxy or oxo group, 
or 

(b) at least one of R* or R^ is an oxoallyl group of the formula 



r6 -C-(CH2)p-, 

wherein is Ci-Ct aDcyJ. and p = 2. 3 or 4: the other R^ or R^ being defined as above, and R* 
represents an alkyt group with 1 to 4 carbon atoms. The xanthine of formula {\\) is employed In an 
amount that is effective In inhibiting allograft reaction, especially GVHR. Amor>g these compounds is the 
commercially available compound pentoxifylline (TrentaI9). A host of other compounds within the general 
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I ar j 



: recep or 



methytxanthine [compound H 
v^th PHA aixl In an MLR. As 
both TNF mRNA expression 
the MLR was not reversed by 

5 activation were also afTected b) 
upregulation of the lL-2 
endotoxin-induced production 
cells had not been previousty 
The present tn vitro data 

10 side effects in vivo, are likely tc 

In summary, entry of antig m 
accessory cells, and its antigen : 
and T cells interact with one 
terminally differentiated cells 

IS elimination. The use of xantt^nes 
immunosuppressive agents by 
regulated in such a way that 
a result, the prognosis of patien|3 

20 Clatme 



tlS( 



( ach suppressed T cell activation 
kreviousty shown In endotoxin 

release of the cytokine into the 
he addition excess rhTNF 
PTX. For example, the data 

and may tfius blunt autocrin^ 
TNF mRNA in monocytic celts, 
discrit)ed. 

s iggest that selected methytxanth^ 
have clinically useful 

into the body triggers the 
determinants are presented to 
nother to trigger proliferation 
their products combine wHh 
according to this inventior 
oppressing the activation of 
h>jper5ensitivity diseases of the ii 
afflicted with autoimmune 



a d 1 



1. Use ol at least one 7-{oxosi tyl) 1,3-dlaIkyl xanthine, other thai denbufylline. of the formula I: 



O 



2. Use of a compound as 
lymphocyte activation in a 

45 3. Use of compound as d< 
lymphocyte activation in a 



4. Use of at least one compoi nd of the formula II: 



and proliferation both by direct stimulation 
s^ulated monocytic cells, PTX decreased 
culture medium. The PTX suppression of 
sugg^ng that other genes important in T cell 
inqcate that PTX decreases antigen-induced 
stimulatk>n by IL-2. While PTX blocks 
effect on TNF production by activated T 



1 Immunosup pressive 



derivatives, which have few deleterious 
properties, 
system. The antigen ts trapped by 
and T lymphocytes. Antigen-stimulated B 
differentiation into effector cells. These 
t antigen and Initiate mechanisms for its 
makes it possible to use xanthine as 
lymphocytes. Lymphocyte activity can thus be 
J system can be effectively treated. As 
should improve. 



ard 



} disea les 



- A - C - CHi 



in which 

Ri arul R3 are the same 
branched alkyi radicals 
alkoxyalkyi and hydroxyalk] I 
A represents a hydrocarbo 1 
group; 

for the preparation of a medicament for suppressing lympho(^ 



different and are selected fron 
1 2 to 6 carbon atoms, 
radk^als; 

radical with up to 4 carbon 



( efined in claim 1 for the 
lammal. wherein said lymphocyt* 



d in claim 1 for the 
r\ammal, wher^n said mammal is 



prepa ation 



(>) 



the group consisting of straight*chaln or 
cycl(thQxyl, straight-chain or t>ranched chain 

which can be sut>stituted by a methyl 

activation in a mammal. 



prepiration of a medicament for suppressing 
is a T lymphocyte or a B lympfK}cyte. 



of a medicament for suppressing 
a human. 



so 
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for inhibiting GVHR activfty. An{bng tfwse compounds are those Identified 



GVKR-INHIBITXNG 
PflMPOtmPS OF FORKUI^ 



mi 



Contpound 
Number 




I 

CH3-C 



(CH2)4- 



0 1 



CH3-C 



(CH2)4- 



-CH3 
-CH3 



CJ3 



-CH2-CH2-CH3 

-CH2-CH2-O-CH3 

-CH2-0-(CH2)2-0-CH3 
-H 

-CH2-CH2-CK3 
OH 



10 



11 



-CH2-CH3 
-CH3 



-CH2-CH-CH3 
j3H 

-CH2-CH-{CH3)2 
-CH2-O-CH2-CH3 
,CH3 

-(CH2)4-p-CH3 
OH 

-CH2-O-CH2-CH3 



It will be understood that 

vivo into one of the 

metatx}lite3 in vivo simitar to 

example, after orat snd Intra 

following seven metatmlites 

excretion of metatx>tites: 

Metatx>lite I 1*(5-hydroiyhexyl)-3, 
Metabolite II l-(5,fr<lihyproxyhexyt)-3, 
Metabolite III 1-(4.5<lil 



aforem< ntiorted 



i ha re 



method of this invention can 
xanthines of formula 
metabolites formed from the 
JUS administration, pentoxifyllir^ 
been identified in human 



practiced with compounds that change in 
as well as compounds that produce 
afjtvementioned xanthines of formula (II). For 
is almost completely metatwiized. The 
. which is the predominant pathway for 



(II). 



I uriie. 



1,7-dlmethytxanthine 
7-dimethytxanthlne 
ihy|lroxyhexyt)-3,7-din)ethylxanthin© 
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the expression of T cell activation antigens analyzed by direct tmmunomjorescdnce after 6 days of cutture 
In a Wdlrecttonal Min. The following fluorosceln Isottiyocyanate (RTC) or phycoerythrin (PE) conjugated 
antibodies were used: IgOl and tgG2a tsotype controls. anti-HI^I (CD45}. anti-LeuM3 (C014). anti-Leu4- 
(cd3). anti-ll^receptDr (CD2S), airtHransfenln receptor (C071), antf-HLArDR. and anti-Leu23 (CD69). (Aa 

5 antibodies were from Becton-Dtddnson, San Jose. CA.) Staining was performed using manufacturer's 
recommendations (20 1 antibody/lQ^ cells in 0.1 ml of phosphate buffered saline for 20' at room 
temperature). The cells were washed twice, resuspended and analyzed on a Becton-Dickinson FACSan flow 
cytometer operating under Consort 30 software. The lymphocyte analysis gate was detenntned on the basis 
of forward scatter and side scatter and confirmed by examination of Iwchcotor Immunofluorescence display 

10 for CD4S and CD14. Data are presented as the percentage of cells with fhioroscenco greater than that of the 
appropriate isotype control. 

Figure 2 shows the effect of adding recombinant human tumor necrosis factor (rhTNF). 200 UAnl, to 
either PHA-stimulated mononuclear ceils (2 independent experiments) or a bidirectional MIR. rhTNF 
(Qenentech Corp.) was added at the inceptioo of the culture to microlitre wells containing PTX. Comrols 

15 including PTX alone (shown) and TNF atone (not shown). TNF did not stimulate mononuclear cells grown 
without PHA or ailogenetc cells. Nor did it inhibit ^Hldr incorporation in cells culture without PTX Results 
are the means SD of triplicate wells. 

When blood mononuclear cells from normal individuals were cultured alone, with PHA. and in 
bidirectional MLR's with and without PTX or 3 related compounds. PTX its Ml melabotile. and 7- 

30 ethoxymethyM-(5^!ydroxy-5-methythexyl)-3-methytxanthlne [compound 1] actively Inhibited 'Htdr uptake 
after 6 days In cutture In a concentration dependent manner as shown In Table 1. 

TABLE 1 



Inhibition of tritiated thymidine uptake expressed as a percentage of control cultures 


COI^OL 


PHA (% CONTROg (100) 


MLR (% COrfTROL) (100) 


PTX 


49.2 16.2 


33.4 12.2 


Ml 


11.2 


6.1 


Compound 1 


43.8 9.4 


35.7 4.1 


Compound 2 


78.8 20.7 


73.411.9 


Denbufylline 


103.9 26.9 


103.5 5.9 


Compound 1 = 7-ethoxymathyH-(5-hydroxy-5-methyihexyl>-3-methyexanthlne 


Compound 2 = 1-(5-hydroxy-5-methyIhexyl>-3-methybcanthtne 


DenbofylHne = 7-acetonyl-1.3-dibutyl-xanthine 





AU values except those for Ml represent the means of calculated results from 6 to 8 Independent 

40 experiments. The Ml results are the average of 2 Independent experiments. 

With PTX and Ml. the highest concentration tested (imM) was most effecthre, but stgniftoant suppres- 
sion of Hftdr uptake was observed at corKentrations as low as .01 mM. There was no decrease In cell 
viability In the test cultures as assessed by trypan blue dye exclusion (celt viability >95% in all groups). 
When whole cellular RNA was extracted from an MLR, there was sorne upregulatkm of TNF mRNA 

45 compared to cultures of ttw mononuclear cells cultured IndlvkJually. However, basal levels of TNF mRNA 
were readily detectable, possU>ly due to some activation during the culture period. This was also reflected 
by signiftcant levels of 'Htdr uptake. The level of THF mRNA was significantly decreased in the MLR's 
containing PTX and 7-elhoxymethyl-l-C5-hydroxy-5-methylhexyl>^ethybcanthin6 (Figure 1). The diminu- 
tion in response to PHA and the MLR ot}served with PTX was not at>rogated by the addition of recombirtant 

50 human TNF at a concentrations of 200LI/ml. 

During T cell activation, there is increased expression of certain cell surface determinants which can 
serve as markers of activation. Figure 2 shows the effect of PTX and 7-ethoxymethyl-1-(5-hydraxy-5- 
melhylhexyl)-3-methytxanthine on expression of a CD2, a non-activation dependent pan-T antigen and 4 
activation dependent antigens. Although there were no differences in the expression of CD2 between the 

55 groups, both 7-ethoxymethyl-H5-hydraxy-5-methylhexyl)-3-methylxanthine and PTX decreased the expres- 
sion of HLA-DR. the transfenin receptor, the IL-2 receptor, and C069 in bidirectional MLR cuttures to near 
the levels observed in nrwnonuctear cells from a single donor cultured for 6 days. 

PTX one of its major metabolites. Ml. and an anatogue. 7-ethoxymelhyl-l-(5*hydroxy-5-methylhexyl-3- 
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MetaboDte IV H*<art)0xybutyr>-3J-dImethybtanthlne 

Metabolite V i-(3-carl)oxypropyl>-3,7-<limethylxanthlne 

Metabolite VI l-(5oxohexyl)-3-fnothylxanthlno 

Metabolite Vll 1-(&*ydroxyt>exy(>-3-mothybtanth(ne. 
Metabolites I and V are the major metabolites. Metabolite V. the main urinary MetaboGte, accounts for about 
aWD percent of the administered dose. Only traces of pentoxityinne and Metabolile I are found in urtne. 
The dihydroxy dertvath/es of pentoxifylUne (Metabolites II and III) represent approximately 12 percent and 
Metabolite IV about 8 percent of the excretion products. 

The compounds of formula (II) can be prepared according to the disclosure of U.S. Patent 3.737,433 
and Belgium Patent 831.051 (where RVR» are oxoallyl). For the case where al least one of R'/R» is a tertiary 
alcohol reference may be had to International AppScation PCT/EP8&00401. filed July a 1086. claiming 
German priority of July 8, 1985, This application addresses, as its invention, a variety of embodiments of 
synthesis routes for the xanthines of formula (II) embraced in the current invention. 

An example of one embodiment consists of 

a) reacting 3-aIkylxanthines of formula (Vll) 



0 




(VII) 



in which the represents alkyi with up to 4 carbon atoms, with alkylating agents of formula (VIII) 



X-(CH2)^-C-CH3 
OK 



(VIII) 



in which X stands for halogen, preferably chlorine, bromine, or lodne, or a sulfonic acid ester group oi' a 
phosphoric add ester group, and wherein R* and n have the meanings mentioned above, to obtain 
compounds of formula (tX) 




with a tertiary hydroxyalkyi group in the position of R^ and hydrogen In ttte position of R\ and 

at) alkylating this with the same or different alkylating agent of fonnula (Vtll) to obtain compounds 

pursuant to the invention of formula (X) 
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isotat >d, 
1 fo 

wr cht 
accord! tg 



However, use Is made especiall r 
hydrocaTt)ons, tertiary amines, 
xanthfrws (XlXa) and (WXc) 
preferably below 100* C. II 

5 ether, such as tetrahydrofurai 
frequently proves useful. The 
tetrachlofomethane, arwJ adimlrlim 
exchange the chlorides ordinari / 
rule they provide bettor yields i 

ro addition of some magnesium 
lofomethane, or methyl Iodide 
obtained are normally not i; 
reaction conditions described 
The addition of water to 

TS element of formula (XXV). in 
form tertiary alcohols 
suspension in the presence of 
and sulfonic acids, such as 
or oxaEc acid, can also be used 

20 concentration of 50 to 65% an( 
higher acid concentration 
reaction temperatures should 
disturbingly significant above 
The addition of a soh/ent 

M provides benefits. Since esters 
using the high acid 
water with brief heating after 
mixture In the alkaline range. 
The experimental conditior^ 

30 pursuant to the invention into 
csmpounds (VIII) or (Xa) of (XIII 
Depending on the chain 
(for example, 2-hydroxyproAyl), 
asymmetric carbon atoms am 

3S concerns both the pure 

This Invention will now be 
demonstrate the effectiveness 
demonstrate inhibition of the 
formulas (l) and (10 

40 particularty preferred xanthine, 

EXAMPLE 1 



the metatlation t 



of tfte Grlgnard compounds, 
or aprottc sohwits listed as 
rfth alicytmetal compounds, at 
reaction is carrted 
or a tertiary amine, such aj 
cse of catalysts, such as butancf, 
or magnesium alcohotates, 
react more slowly than the 
organometalllc compound. To 
bromide, some grains of iodin^, 
with slight heating is frequently 
but are reacted immediately 
the r^uctrve alkylation of the 
C=C double bond of the 
the hydroxy group adds to 
to tfie Marltownikoff f^ule, 
strong ectds. such as sulfuric, 
triflv oromethanesulfonic actd. ackJ 
as catalysts. However, it is 
temperatures of 0' to 10*C 
and/frr reaction temperatures can 
kept as low 83 possible since 
affcroximately 60 *C. 
nert to acids, such as 1,^ 
:8n form as Intermediates in the 
I. it is recommended to treat 
action of the add for the 



t concentrati ms. 



' tie I 



ler gth 



» stereols >meric 



el ects 
effec (ve, 



The Effect of Methylxanthine 0< rivatives on T-Cell Activation 



When bkxxj mononuclear 
occurs resulting in T cell 
and memory cells. This 
genetic disparaties at the 
so tion. The MLR is thus measure t 
an in vitro representation of 
and allograft rejectk}n. 

Pentoxyfylline (PTX), 1 
of TNF mRNA In U937 cells prtjbably 
55 In lymphocyte activation, the 
etfwxymethyl-1-(5-hydroxy- 
and by phytohemagluttinin (PH^). 

Figure 2 shows the effect 



ad rantageously preparing them in the ethers, 
particularly suitable for the reaction of the 
temperatures between 25* and 125*C, 
in hydrocart>ons. then the addition of an 
trlethylamine. In stoichiometric amount 
aluminum chlorkle, silicon tetrachtoride. 
(^ay also be helpful. In the halogen-metal 
ling bromides and iodides, but as a 
abcelerate the beginning of the reaction, the 
I. or several drops of bromine, telrach- 
recommended. The Grignard compounds 
the ketones of formula (XXII 0 under the 
pOXa) and poXc). 
sjkenytxanthines (XlXd) with the structural 
carbon atom with the fewer hydrogens to 
(^dlnarily occurs in aqueous solution or 
or phosphoric acid. Hydrogen halides 
exchange resins, boron trifluoride complexes, 
to operate in sulfuric acid, with an acid 
sufficient as a rule. However, kwer or 
also be used. In any case, the 
reverse dehydration to the olefin can be 



I oit 



witht 

xsntttlnes ( 



>th'> 



s prelei red 



b€ lng ! 
sometimes ; 
tier 



,4-dlox^e, benzene, or toluene, sometimes also 
»ckhcatalyzed hydration, particularly when 
the reaction batch with a targe amount of 
purp Dse of ester hydrolysis, or to process the 



for the optional converston ol 
trisubstituted xanthines of 
have already been described abj»ve 
of the atkyi group (at leaj t 
the tertiary hydroxyalktyxani lines 
can thus be present in 

compounds and tttelr 
lescribed in greater detail In the 
of the claimed Invention, a 
of QVHR tn vivo. Though 
I, they will be exemplified 



from two unrelated individual } 
activ^on and blastogenesis and ultimately 
comp! »( series of events, termed the 
HLA-f>R tocus. MorK)cytic cells are ne 
lymphocyte recognition and 
e of the cellular events 



-(5-c}cohexyI)-3.7-dlmBthytxanthlne), 

by decreasing transcriptior . 
affects of PTX, Its first 
5-m( thythexyl>-^methytxanthlne, on 



the 1- and TH-compounds (IX) or (XVI) 
ulas (X) or (XV) by N*aIkylatIon with the 
tn detail. 

Ct) and/or the structure of a sut>stituen1 
of formula (II) can have one or two 
fonms. TWs invention therefore 



stere^lsomeric 
res. 

foltowing Examples. More particularly, to 
(jompound of formula (11) was tested to 
variety of compounds within the general 
w(th regard to pentoxifylline ("PTX") as a 



are cultured together, mutual stimulation 
in the generation of cytotoxic T cells 
nnixed leukocyte reaction (MLR), requires 
for antigen processing and presente- 
to non-setf-entigens and serves as 
with graft- versus-fiost disease (GVHD) 



re; ponse I 



1 prevent endotoxin induced upregulation 
Due to the potentially critical role of TNF 
metabcjllte (M1), snd the related compound 7- 
cetl activation were assessed in an MLR 



c PTX and 7-ethoxymethy I- i-{5'h:fdroxy-5-methyIhexyI)-3-methy [xanthine on 
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H3C-<J-( 



0 (CHj), 



OK 



with two tdentical or 
as) converting it with a 

R5-X (Xa) 



different tertiary 



comp Kind 



in which X has the meanirp 
compounds of formula (XI) 



0 

\ 



\ 



in Uie 7-position, preferably 
reaction with a compound of 
Another embodiment consi^ 
c) first reacting the 3-aIkylxa( thi 
in the form of their satts, witt: 



k2 



f hydroxyalkyi groups in th^ positions of and R*. or 
1 of the formula 



given in formula (VIII) and R has ttie meaning indicated at^ove. into 



/ OB 



Cllj 



in all cases preferably open ting In the presence of basic mi dia or using the xanthines In the form of 
their satts. 

Another embodiment consisb of 
b) substituting 1 .3^talkylatec xanthines of formula (XII) 



)0o 



R«-X (XIII) 

with the formation of 3.7-dis Astituted xanthines of formula (XI\f) 



OH (X) 



(XI) 



(XII) 



or in the fonm of their salts, by one-step 
of formula (XI). 



in tf>e presence of basic media 
onnula (VIII), to obtain compounc s < 
of 

lines of formula (VII), likewise ptjeferably in the presence of basic media or 
a compound of the formula 
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msans of two oqulvatents of a methylmetal compound per alkoxycarbonyt group, Into xantNnds of 
formulas (W) to (XVO In which R* stands for methyl, or 

h) converting xanthines of fonnula (XTX) having two tdentlca) or different groups of the formula 



-(CH2)„_i-CH.CH 



(XXV) 



or only one such group and hydrogen or the group R* or R« In the positions of R' and R'^. in which the 
group pOCV) can contain the C = C doubte bond atso In position-isomerte arrangements on the branched 
carbon atom, for example, as -C oCHj, by acid-catalyzed hydration obeying the Markownikofl Rule. Into 
the xanthines of formulas (DC) to (XVI) pursuant to the invention, and if desired, then coverting the tertiary 
hydroxyalkytxanttiines of formulas lb* artd if obtained pursuant to the invention by methods a) to h) that 
have a hydrogen atom in the 1- or 7-position. optionally in the presence ol basic media or in the form of 
their sans, with the alkylating agents of formula (VIII) or (Xa) or (Xlll). into the trisubstituted compounds of 
formulas PO or (XI) or (XV), in which R^, R», F?, R«. and n in the formulas above have the meanings 
Indicated above. 

The 3-aIkylated mono- or diaxoafkyl- (XlXa), -(-haloalKyl) (XlXb). -(<*-aIkoxycarbonylancyt)- pciXc). and 
-alkenybtanthines (XlXd) needed lor this as starting materials are either known or can be prepared readily, 
tor example, from the 3-alkyl-xanthine3 (VII) and the sultonytoxy- or haloketones (XVU) and (XVIII). 
haloalkylsulfbnales. or 1.<»-dmatoantanes (cf.. for example: V.B. Kalcheva et aJ.. Journal fur prakt Chemie 
327 (1985) pp. 165-160). ^Ifonyloxy or ftrhalocarboxylte add alkyl esters or suifonytoxy or hatoalkenes 
corresponding to formula (XXV) under the reaction conditions previously described in detail for the 
alkytation of mono- and disubstitued xanthines with tfie compounds of formulas (Vtit) and (Xa). 

In the organomatalllc reactions of the xanthines pOXa) and (XDCc) hmctionallzed In the R* and R^^ 
groups, the procedure Is tfie same In princlpte as described (or the preparation of the tertiary alcohols of 
formula (VIII) used as alkylating agents. Thus, the reductive alkylation of the ketones (XDCa) and ol the 
eaters (XlXc) can take place, for example, with alkylpotassium, -sodium, -lltitlum, -magnesium, -zinc, 
-cadmium, -aluminum, and -tin compounds. The recentiy recommended alkyttitanium and -zirconium 
compounds (D. Seebach et at., Agnew. Chem. 95 (1983), pp. 12-26) can also be used. However, since the 
alkylmeital compounds of sodium arKl potassium have a tendency toward side reactions because of tiielr 
high reactivity and those of zinc and cadmium are relatlvety sluggish, the alkyllittilum and -magnesium 
(Qrignard) compounds are ordinarily preferred. 

The strong nudeophiSc organometallic compounds are very sensitive to hydrolysis and oxidation. Their 
safe handling ttwelore requires working in anhydrous medium, optionally under an inert gas atmosphere. 
The usual solvents or distributing agents are primarily those that are suitable also for tite preparation of the 
alkylmetal compounds. Practical examples are especially ethers witti one or more etiwr oxygen atoms, for 
example diethyl, dipropyl. dibutyl. or diisoamyl etiter. l,2-<limethoxyettwne. tetrahydrofuran, dioxane, 
lotrahydropyran, hiran. and anisole. and aliph^ or aromatic hydrocarbons, such as petroleum ettier. 
cyctohaxano. benzene, toluene, xylenes, diethylbenzenes. and tetrahydronaphthalene: however, tertiary 
amines, such as trie«»ylamine. or dipolar aprotic solvents, such as hexametiiylphosphorlc triamide. as well 
as mixtures ol tt» solvents mentioned can also be used successfully. The reaction of the carbonyl 
compounds pOXa) and (XlXc) witti the Grignard compounds witti the formula R»-MgHal can also beneficially 
be earned out by placing ttie organometallic compound in an ether and adcfing the ketone or the ester 
dropwise as a solution in dischtorometiiane or 1.2-dichotoroelhano. An addition of magnesium bromide is 
frequentiy recommended, which is able to increase the nudeophilkaty of ttie organometallte compound 
because of its participation in the complex cyclic transition state. 

The ketone or ester and the organometainc compound are generally combined at temperatures between 
-20 'C and 100* C. preferably between O'C and 60', or at room temperature without external cooling, with 
the alkylmetal compound ordinarily being used in sfight excess. The reaction is then ordinarily completed 
by brief heating under reflux, for which times of several minutes to a few hours are generally adequate. The 
alkanolato formed Is preferably decomposed with aqueous ammonium chloride solution or dilute acetic acid. 

Metallk; magnesium and littiium are primarily suitable for the metallation of the M-haloalkybcamhlnes 
(XlXb). On ttte other hand, the replacement of the hatogen atom wItti lithium, which Is also possible using 
organofittilum reagents, generally l-butyK 2-butyl-. t-butyl-, or phenyinttiium. ptays a subordinate role. 
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s 




(XIV) 



10 

in which R'* has the moaning mentioned lor RP or stands tor benzyl or diphenylmethyt. and then 
sutkstituting them In the 1 -position, again preferably in the presence of basic media or In the form of their 
satts, with a compound of fomiula (VIII). Compounds of formula (XV) are obtained 

IS 



20 




(XV) 



25 

in wWch fl" represents a barttyl or diphenylmethyl. and converting the compounds of formula (XV) in 
which R" represents a beruyl or dipbenytmethyf group or an alkoxymethyl or alkoxyalkoxymethyl group, 
under reducing or hydrofyttc condhions. Into compounds pursuant to the tnventfon of formula (XVI) 

00 



35 




(XVI) 



40 

that are subsequently reacted again, if desired, with a compound of formula (VIII) or pCa) to obtain 
compourwls pursuant to the invention of formula pO or p(V). 
Another embodiment consists of 

d) reducing compounds of formula p<l) or (XV) pursuant to the invention In which or R'S stands for an 
45 oxoalkyi group, with conventional reducing agents for the keto group to obtain the corresponding 
hydroxyalkylated xanthines pursuant to the invention. 

The 3-aIkyl- or 1 .3^iatkytxanthines of formula (Vlf) or (XII) used here as starting materials and the 
'aOcytating agents" of formulas (Vltl), (Xa), and (Xlli) are known for the most part or can be prepared readily 
by methods disclosed in the literature. Thus, the tertiary alcohols of formula (VIII). for example, can bo 
so obtained by organometalOc synthesis by reacting the stBrk:a]ly unhindered hatoketones of the formula 

HaHCH2)„-C0-CH3 (XVll) 

In a so-called synthetk; reaction with reductive alkytatkm of the carbonyl group, with alkytmetal compounds 
55 R*-M. especially of magnesium, zinc, or Qthium. for example in the form of alkylmagneslum halkJes R*- 
MgHal (Grignard compounds) or of the alkyllithlum compounds R^-U. under the usual conditions (for 
example, see Houben-Weyl. Vol. Wl a. Part 2 (1980). pp. 928-40. especially pp. 1021 ff. and 1104-1112). 
In the same way. a reaction of the haloketones with the formula 
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, ai d 



■ 7-bfOfno; inc 
cIOh vago 



such as trifloraacotic. formic, 
alkoxyalkoxymethyl compounds 
bromide and titanium tetrachlorljo 
the 7-bromom6thyl or 
the aqueous workup. In the 
that no significant dehydration 
be below lOO'C as a rule. 

The reduction of the xanthi 
R" to the corresponding hydrbxyaOcyl 
metals or by catalytic hydrogeri ition, 
very mild condttioos and in 
(M^Hnln), or organometallic hyd 
pp. 141-155). Of the numerous 
most frequently used reagents 
especially sodium borohydride. 
working in alcoholic. ak»hotic 
otherwise customary inert sol 
dimethoxyethane). hydrocarbon; 
medium. The hydrogenation, 
point of the particular solvent 
within several minutes to a few 

The tertiary hydroxyalkytxarfhines 
of formula (XIX) 



of formulas pC) and (XV) with 
compounds can indeed 
I, but the method of choice 
yields with simple metal 
ides (Houben-Weyl. Vol. IVn d ( 
Mmplex meta) hydrides that can 
night be mentioned, for example . 
hat is easier to handle because 
aqueous, and pure aqueous 
ents. such as ethers (for 
and pyridine, nitriles, such as 
is suitably carried out at 
preferably at room temperature , 
ours. 

of formula (It) can also be 



wiich 1 
.bit 



e) contains two identical or dperent groups of the formula 
-(CH2),*CO-CH3 (XX): cr 
-(CH2)o-CO-R* (XXI). 



or only one substituent of th< 
of and R'". with (Ci 
groups to obtain the xanthin^ 
f) metal lating xanthines of 
Hal (XVII). with Hal preferabi r 
the substituent R? or R'* in 
ketones of the formula 



R,-C0-CH3 (XVItl) 



with reductive alkylation of 
to the invention, or 
g) converting xanthines of 



-(CH2)„-C0O-(Ct-C«)alkyl 
in the positions of 



Wi1^ 



cleaned 



acetic add, tn combination 
tn particular can also be 
In anhydrous medium, 
derivathres formed as 
tn mineral add solution, tN 
the tertiary hydroxyalkyi group 



catalytic amounts of mineral acids. The 
by using Lewis adds, such as zinc 
In dichcAMromethane or chtoroform. with 
hydrolyzing spontaneously during 
reactkm temperature must be chosen so 
I the 1 •position occurs: It shouM therefore 



intern^ »dlates 



an oxoalkyi group in the position of or 
take place in prindpte either with t^e 
consists of the reaction occurring under the 
hydrjdes (MH»). complex metal hydrides (M'- 
981), pp. 287-282. and Vol. VlAI b (1984). 
be used for the reduction of ketones, the 
lithium alanata. lithium borohydride, and 
its tower reactivity and above all permits 
sollittons or suspensions. In addition to the 
exaiiple, diethyl ether, tetrahydrofuran. 1.2- 
ac stonitrile, can also be used as the reaction 
tejnperatures between 0 * C and the boiling 
generally occurs rapidly and is complete 



}repared by reacting substituted xanthines 



fom ulas ( 



formula (XX) or (XXI). and 
-Cj)4kyl- or methylmetal compounds 
pursuant to the invention of 
formula (XDC) that have two identical 
standing for chlorine or bromim . 
ihe otfier position, in the termina 



(XIX) 



hydroten or the group R' or R^* in the positions 
(nth reductive "alkylation" of the carbonyt 

(IX) to (XVI), or 
or different groups of the formula -(CH2)„- 
or only one such group and hydrogen or 
position, and then reacting tiiem with the 



tfte carbonyl group to obtain tiie jfmthrnes of formulas (IX) to (XVl) pursuant 
fo^ula (XIX) with the group 
(XXIV) 

and/orfl"' and optionally hydrogen or ttje group R? or R^* In the other position, by 
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Hal-(CH2)»-C0-R* (XVIII) 



cores bonding 1 
cc npounds 1 
by acetal i 



) presence of 



ithi 
r letat i 



or ( 



-CO-C ^^3 
. 10 9). 



with methytmaQneslum handes 

6 The hydroxyketones 
Into dlols with the alkylmetal 
hydroxy group, for example 
Vol. Wl a. Part 2 (1980), pp. 
esterilication of the terminal 

to advantagoousty in the 

Other possibilities for the 
monomeialtation of *»-chtoro-l- 
XIIl/2 a (1973). pp. 102 and 31{ i 
of by-product formation from 

15 closure with the elimination of 
hato-1-alkanols as starting ma 
tetrahydropyranyl-(2) ether or 
desired alkylmetal compound 
them with the ketones 

20 Vol. Vl/1 a. Part 2 (1980), p. 
suitable sulfonic or phosphoric 

A convenient access to 
available through the reaction o 
of a methylmetal compound, 

23 the introduction of two methyl 
way. <i>-hydroxy-cafboxylic acid 
without protection of the hydro) / 
ester, or optior^ty in the form 
Part 2 (1980). pp. 1174-1179). 

30 by seiec*jvB esterificat'on of the 
Suitable compounds of 
th« ((t*-l)-hydroxy-(wl 
-hexyl, -heptyl, and -octyl, and 
bromides, iodides, sulfonates, 

33 Among the compounds of 
or 7-position and of into 
ymethyl derivatives occupy a 
but toxicok)glca) problems can 
Ing sulfonates iz preter.'od fn :i 

40 anhydrides of aliphatic cartxucyBc 
Chem. 36 (1971). pp. 528-531} 
and nearfy quantitative reaction 



, w h t 



fori mta ( 
l)-methyl butyl, 



a kd f 



tte ; 



In this equation. R' represents 
ss group, for example, phenyl. 4-t(fyl, 
alky! or alkoxyalkyi group falling 
The reaction can be canie< 
reactants at temperatures between 



)aidj 



I crchkxoi Dcylmetat 
wih 



} intemrkedi Jtes 



app ropriate t 



methylUtMum likewise leads to 
to the forrrttjlas QOAl) 
In the usual way, elthei 
formation with 5,1 
13-1 124). from which compounds 
pfinnary hydroxyl groups with sultiinyt 
bask: media 
ynthesis of the tertiary alcohol 
t romooaDcanes to obtain 
and their subsequent reactk>n 
alkanolatss formed as ii 
salt being minimized by 
, whk^ are metallated tn th( i 
[fter alkanotate formation of the 
example, see Houben-Weyl. 
to obtain the dk)ls mentioned 
I, and subsequently setecthrely 
( cid derivatives. 

of formula (Vlll) in whch 
A»-hak)alkanoic add alkyi esters 
the ester reacting through the 
{Joups (Houben-Weyl. Vol. Vl/1 a, 
asters can be converted into 
group, for example In form ol 
the lactones as cyclic esters 
rom which active alkylating agenfs 
primary hydroxyl group with 
(Vlll) that can be prepared 
-pentyl, -hexyl. and 
the [(w-3)-hydroxy-(»-3)-methylir^bxyI, 
phosphates, 
f ffmula RS-X (Xa) or W^-X (XIII) 
7-position of the xanthine 
position as their haltdes 
trise. at least in large-scale use. 
special case, which are readily 
acids and aliphatic or aromatic < 
wi^ the formaldehyde dialkyi 
M.H. Karger et al.. J. Amer, Cherfc. 



he target 

(XVItO can also be converted smoothly 
directly or with temporary masking of the 
.e-dihydro^H-pyran (for example, see Hout)en-Weyl, 
of formula (Vlll) are formed by selective 
or phosphoric halides or anhydrides. 



dols ^ 



1 suffc nic 



-hepi yl, 



s( edaJ F 



R .SOj-O-CCj- (C^-C^ )XlJcyl 



R^-SOj-O-Caij-O-R^ 



an aliphatk; group such as meth rl. 

I, or 4-bromophenyl. but pretera >ly 
under the definition of fl? or R'*, 
out either in the substance or 
20* and +40*C. preferabl; 



ierrvalives ol formula (Vlll) consist ol the 
compounds. (Houben-Weyl. Vol. 
the ketones R*-COCHi. with the extent 
because of tfteir tendency toward ring 
temperature control, or of using w- 
usuai way, preferably in the form of the 
hydroxy group (MO-CHj).-HaI) with any 
/ol. XIII/2 a (1973). p. 113). then reacting 
n the preceding paragraph (Hout>en-Weyl, 
asterifying the primary hydroxy group with 

R* represents a methyl group is also 
(haHCH2)n-C00-alkyl) with two equivalents 
ketone to produce the tertiary alcohol v^rith 
Part 2 (1980), pp. 117M174). In the same 
with methylmetBl compounds with or 
tetrahydropyranyl-(2) or methoxymethyl 
example, see Houben-Weyl, Vol. Vl/1 a, 
of formula (Vlll) can in turn be obtained 
or phosphoric halides or anhydrides. 
I »y the methods described above are thus 
the [(ur2)-hydroxy-(«-2)-methyt]pentyl. 
, -heptyl, -octyl, and -nonyl chlorides, 



suitable for the Introduction of R^ into the 1- 
the alkoxymethyl ar>d alkoxyalkox- 
car^: indeed be used successfully as reactants, 
I ror this reason, the use of the correspond- 
availabie, for example., by reacting mixed 
sulfonic acids (M.H. Karger et aL. J. Org. 

or dialkoxyalkyi acetals in a smooth 
Soc. 91 (1989). pp. 5683/5665: 



R^-O-CHj-O-R® 



[C^-C^jAlkyl-COjR 



I, ethyl, or trifluoromethyl, or an aromatic 
methyl or 4-totyl. and R" represents an 

an anhydrous aprotic sohrent inert to the 
between 0* and 20* C. No intermediate 



EP 0 490 181 A1 



Isolation of the highly reactive sulfonates, which are sensitive to hydrotysis and thermalty labile, is 
necessary: they are preferably used Imnnediately as crude products for the substitution on the nitrogen of 
ttie xanthines, with the usual addition of a basic condensing agent being unnecessary. 

TTia reaction of the mono- or disubstituted xanthine dertvattves, (IX). pCVI). (VII), (VIII) or pCa) or (XIII) Is 
5 ordinarily done in a distributing agent or solvent Inert to the reactants. Practical representatives are 
espedaUy dipolar, aprotlc solvents, for example formamfda. dimethyltormamide. dlmethyl-acetamide. N- 
methytpyrroBdone, tetramethylurea. hexamethyt-phosphoric triamlde, dimethytsulfoxide, acetorw, or 
butanone; however, alcohols such as methanol, ethylene glycol, and their mono- or dlaDcyt ethers with the 
alkyl group having 1 to 4 carbon atoms but t>oth together having a maximum of 5 carton atoms, ethanol. 

fo propanol, isopropanol, and the various butanots: hydrocart)ons such as benzene, toluene, or xylenes: 
halogenated hydrocarbons, such as dichloron^thane or chloroform: pyridine, and mixtures of the solvents 
mentioned or their mixtures with water can also be used. 

The "aOcytation reactions" are suitably carried out in the presence of a basic condensing agent 
Examples of materials suitable for this are alkali metal or alkaline earth hydroxides, carbonates, hydrides. 

15 alcoholates. and organic bases, such as trialkylamines (for example, triethyl- or tributylamine), quaternary 
ammonium or phosphonium hydroxides and crosslinked resins with fixed, optionally substihrted ammonium 
or phosphonium groups. The xanthine derivatives can also be used in the alkylation reaction directly in the 
form of their separately prepared salts, such as the alkaO metal, alkaline earth, or opttonally substituted 
ammonium or phosphonium salts. The mono- and disubstituted xanthine derivatives can also be alkylated 

so either In the presence of the aforementioned Inorgank: condensing agents or In the form of their alkali metal 
or alkaline earth salts with the assistance of so-called phase transfer catalysts, for example tertiary amines, 
quaternary ammonium or phosphonium salts, or crown ethers, preferably In a 2-phase system under the 
conditions of phase transfer catalysis. Among the suitable phase transfer catalysts that are generally 
commercially available are tetra (Ci-C«)alkyh and metyttrimethylammonlum and -phosphonium salts. 

25 methyl-, myristyt-. phenyK and benzyltri {Ci-C*)alkyl- and cetyltrimethylammonium as well as (Ci-Ci2>- 
alkyl- and benzyltriphenylphosphonium salts, with the compounds that have the larger and mon symmetri- 
cally structured cation generally proving to be the more effective. 

The Introduction of the groups la. R?. and R" by the procedures described above Is generally carried 
out at a reaction temperature between 0*C and the boiling point of the particular reaction medium used, 

30 preferably between 20' and 130' , optionally at elevated or reduced pressure, for which the reaction time 
can amount to less than 1 hour or up to several hours. 

The reaction of the 3-alkylxanthines (VUl) to produce the compounds pursuant to the invention of 
formula (X) requires the introduction of two tertiary hydroxyalkyi groups. Either identical or different 
sut>stituents can be linked to tfw xanthine sk^eton In succession, or two Identical hydroxyalkyi groups can 

33 be linked without isolation of intermediates in a single-pot reaction. 

The reductive deavage of the benzyl and diphenyimethyl group from compounds of formula (XV) witii 
the formation of the xanthine atom In the 7-position, Is carried out under standard conditions that were 
developed especially in the framework of the protective group technique In alkaloid and peptide syntheses 
and can thus be assumed to be widely known. Besides the chemical reduction, particulariy of the benzyl 

40 compounds with socfium in lk)ukj ammonia (Houtwv-Weyl, Vol. XI/1 (1957), pp. 974-975), the efimtnation of 
the two aforementioned aralkyi groups by catalytic hydrogenolysis using a precious metal catalyst is also 
especially practical (Houben-Weyl. Vol. Xl/I (1957). pp. 968-971 and Vol. IV//1 c, Part I (1980), pp. 400-404). 
A lower alcohol is ordinarily used here as the reaction medium (optionally witii the addition of formic acid or 
ammonia), or an aprotic solvent such as dimeUnylformamide or particularly glacial acetic add; however, their 

49 mixtures witti water can also be used. Especially suitable hydrogenation catalysts are palladium black and 
palladium on activated charcoal or barium sulfate, white other precious metals such as f^atinum. rhodium, 
and ruthertium frequently give rise to side reactions because of competitnre ring hydrogenation and are 
therefore only conditionally usable. The hydrogenolysis is preferably carried out at temperatures between 
20 *C and 100'C and at atmospheric pressure, or preferably slight excess pressure up to approximately 10 

so bar, with reaction times of a few minutes to several hours generally being needed. 

The 1,3.7-trisubstituted xantlunes of formula (XV) that have an alkoxymethyl or alkoxyatkoxymethyl 
group in the position of R*' represent O.N-acetals. Consequently, their substituents in the 7-position can be 
split off under the usual conditions of add hydrolysis (cf. Houben-Weyl, Vol. Vl/I b (1984), pp. 741-745), with 
the 7H compounds of formula (XVI) likewise being formed. Examples of preferred groups that can t>e 

99 eliminated hydrolytically are me methoxy, ethoxy. and propoxymethyl groups as well as the metiraxyethoxy- 
and ethoxyethoxymethyl groups. The reaction Is advantageously carried out with heating In dilute mineral 
adds such as hydrochlortc or sulfuric add, optionally with the addition of glacial acetic add, dioxane, 
tetrahydrofuran, or a lower alcohol as a solution promoter. Also useful are perchloric add or organic adds. 
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